Abstract Research on the prognostic value of lymph node ratio (LNR) in gastric cancer (GC) remains limited and controversial results were obtained. In this study, we aimed to evaluate whether LNR was an independent prognostic factor for gastric carcinoma. A retrospective review of a database of gastric cancer patients was performed to determine the effect of the LNR on the overall survival (OS) and the disease-free survival (DFS). Of the total 135 patients with gastric cancer who underwent resection between March 2012 and December 2013, 44 patients with non metastatic gastric cancer were eligible for analysis. Survival curves were estimated using the Kaplan-Meier method. Cox regression analyses, after adjustments for potential confounders, were used to evaluate the relationship between the LNR and survival. According to the cutoff point 0.37 (37 %), the one-year OS rate for LNR ≤ 37 % was significantly better than that for LNR > 37 % (91.3 % and 61.9 %, respectively, P = 0.02). The one-year DFS for LNR ≤ 37 % was significantly better than that for LNR > 37 % (91.3 % and 66.7 %, respectively, P = 0.027). In stratified and multivariate analyses adjusted for age, gender, histology and tumor status, a higher LNR was associated with high pN stage and so associated with worse OS and DFS. Thus, the LNR 37 % as a cutoff point was found not to be an independent factor for predicting the one-year OS or DFS in patients with non-metastatic GC. The LNR is a prognostic factor in GC. However, no single cut-off value was determined as an independent prognostic factor.
Introduction
Gastric cancer (GC) is the fourth most common malignancy with~1 million patients diagnosed with GC worldwide per year, and the second leading cause of cancer-related mortality worldwide with 800,000 fatalities per year [1] . Although incidence and mortality rates are decreasing, survival remains poor with a 5-year survival rate of only~20-25 % [2] . Accurate prediction of the prognosis of patients with GC is crucial, as surgery is the most important therapeutic approach [3] . Among the known prognostic factors of gastric carcinoma, depth of invasion and lymph node metastasis (nodal status) are considered to be the most important [4] . The most commonly used staging system of GC is proposed by the American Joint Committee on Cancer (AJCC) and is known as the AJCC tumor-node-metastases (TNM) staging system. According to the current UICC (the International Union Against Cancer)/ AJCC (American Joint Committee on Cancer) staging system, which is the most widely used, nodal status is categorized based on the number of metastatic lymph nodes (pN0, no metastasis; pN1, 1-6 lymph nodes positive; pN2, 7-15 and pN3, >15) [5, 6] . However, the difficulty of the UICC/AJCC TNM classification is that for adequate N staging at least 15 lymph nodes should be retrieved. Literature expresses that in some countries, this amount of lymph nodes is not met by surgeons or pathologists, which can lead to understaging [7] .
The metastatic lymph node ratio (LNR) is defined as the ratio of metastatic lymph nodes to the number of total lymph nodes pathologically examined. This figure seems to be superior to the absolute number of metastatic lymph nodes in predicting the prognosis and to be useful in reducing stage migration in types of solid cancers such as cancers of the stomach [8] [9] [10] , breast [11] , bladder [12] , pancreas [13] , and lung [14] .
In a previous study we showed that LNR is a better prognostic factor than the absolute number of metastatic lymph nodes in cases of stage III rectal cancer. Also, we found a cutoff value of the LNR for predicting a prognosis for patients with rectal cancer [15] .
In the present study, we aimed to evaluate whether LNR was an independent prognostic factor for gastric carcinoma. In addition, we tried to find a cutoff value of the LNR for predicting the prognosis for patients with gastric cancer.
Patients and Methods
Patient Selection A retrospective review of a prospectivelycollected database of 135 patients with GC who underwent resection between March 2012 and December 2013 was performed to determine the effect of the LNR on overall survival (OS) and disease-free survival (DFS).
Among these patients, only those who had a radical resection (R0) and >15 LNs retrieved were enrolled into the final study. Patients who only had palliative resection, retrieved lymph nodes less than 15, pN0 stage, metastatic patients and who received neoadjuvant treatment were excluded from the study. Based on the above criteria, a total number of 44 gastric cancer patients were included in the study (Fig. 1) .
Clinicopathological Analysis Demographic data with patients' age, sex, type of surgery, lab and image study information, pre-and postoperative therapies, and follow-up information as well as pathological findings including tumor size, location, depth of tumor invasion, presence of lymphovascular invasion, Lauren's classification and tumor grading were reviewed. All patients were staged preoperatively using computed tomographic (CT) scans. When needed, magnetic resonance imaging or positron emission tomography-CT scans were used in the preoperative evaluation. All patients underwent R0 resection with D1 lymphadenectomy, the standard surgical technique in western countries. A combination of chemotherapy and radiotherapy was provided postoperatively to all patients. Recurrence, whether loco-regional or distant, was confirmed histologically or clinically (tumor that may be associated with clinical deterioration identified on imaging studies).
Staging Tumors were staged according to the current American Joint Commission on Cancer (AJCC) TNM staging system. The LNR was calculated as the ratio of the number of metastatic lymph nodes to the total number of lymph nodes dissected. The LNR cut-off point was determined as the median LNR value of all cohort. The study population was divided into 2 groups according to the cutoff value determined.
Statistical Analysis
All data were analyzed using SPSS 17.0 statistical software package (SPSS, Inc., Chicago, IL, USA). Survival was calculated using the Kaplan-Meier method and compared by logrank test. Univariate and multivariate analyses of prognostic factors were performed using the Cox proportional hazard model. Background clinical data were analyzed using the ttest or Mann-Whitney U test for continuous data and Fisher's exact test or the Chi-squared test for categorical data. All tests were two-sided and p-values below 0.05 were considered statistically significant.
Results
Among 135 GC patients who had undergone resection in the General Surgery Clinic at Marmara University School of Medicine Pendik Training & Research Hospital between March 2012 and December 2013, 36 patients had pN0, 32 had palliative resection, 17 had less than 15 lymph nodes retrieved, three had liver metastasis identified preoperatively, two had carcinomatosis and one patient had linitis plastica. Thus, 44 patients were enrolled into the final study. The median age was 59 years (range 31-83 years). Demographics, tumor location, type of the surgical procedure and histopathological characteristics of the patients are listed in Table 1 (Table 1 ). The median number of removed LNs was 21 (range 15-55). 32 (73 %) were male patients. The median LNR was 0.37 (0.04-1) and thus the cutoff value was considered to be 37 %. The study population was divided into 2 groups: lower than or equal to 37 % (n = 23) and greater than 37 % (n = 21). In Kaplan-Meier analysis the one-year overall survival (OS) rate for LNR ≤ 37 % was significantly better than that for LNR > 37 % (91.3 % and 61.9 %, respectively, P = 0.02) (Fig. 2) . The one-year disease free Follow -up (month) 13 survival (DFS) for LNR ≤ 37 % was significantly better than that for LNR > 37 % (91.3 % and 66.7 %, respectively, P = 0.027) (Fig. 3) . Multivariate analysis showed that neither 1 year OS nor 1 year DFS were significantly different between the two groups (p = 0.95 and p = 0.74 respectively). Thus, the LNR 37 % as a cutoff point was found not to be an independent factor for predicting the one-year OS or DFS in patients with non-metastatic GC. No significant difference was observed between the two groups in terms of age, gender, type of surgery, number of lymph nodes retrieved, histologic grade and classification, vascular invasion, lymphatic invasion, perineural invasion, Her-2 expression, postoperative chemotherapy and postoperative radiotherapy. However, the LNR > 37 % group mainly consisted of pN3 stage (95 %) while out of 23 patients with LNR ≤ 37 % only 5 patients (22 %) had pN3 (p = <0.0001). In addition, the LNR > 37 % group mainly consisted of stage pT4 (71 %) while out of 23 patients with LNR ≤ 37 % only 7 patients (30 %) had stage pT4 (p = <0.0001) ( Table 2 ).
Discussion
In this study, which included 44 patients with non-metastatic GC, the study population was divided into 2 groups according to the LNR cutoff value of 37 %. This study, showed that the one-year OS rate and one-year DFS for LNR ≤ 37 % was significantly better than that for LNR > 37 %. However, multivariate analysis showed that the LNR with cutoff of 37 % was not an independent prognostic factor for neither OS nor DFS.
Research on the prognostic value of LNR in GC remains limited and controversial results were obtained. Compared with previous studies, our study used a single cutoff point which was determined to be the median LNR of the whole cohort. However, some previous studies on the LNR in GC selected cutoff points arbitrarily and compared the prognostic value of the LNR by separating the patients into many groups with many cutoff points which produced unclear results. However, in this study we have divided the cohort into two groups according to the single determined cutoff point.
Major limitations of this study are the small sample size, the short follow up time and the retrospective design of the study.
As more than 15 lymph nodes should be examined for correct assessment of N staging according to TNM classification system [4] , in this study, only patients with >15 LN resections were included and the median number of removed LNs was 21 (range 15-55). Thus, we evaluated whether LNR is an accurately independent prognostic factor from the pN stage.
Previous studies on LNR confirmed the superiority of the LNR staging system compared with the AJCC TNM staging system through univariate and multivariate analysis and Kaplan-Meier survival curves [16] . However, there is still controversy regarding the appropriate classification of nodal status, as well as the significance of positive lymph node number vs. metastatic lymph node ratio, and no definite consensus has yet been reached on either issue [4] . The current UICC/AJCC staging system, which is based on the number of metastatic lymph nodes, is a simple and reproducible method. However, when the AJCC/UICC staging system is used, the phenomenon of stage migration has been observed in about 10-15 % of cases [10, 17] ; Moreover, more than 15 lymph nodes should be examined for correct assessment of N staging. Some studies have recently proposed the LNR as an alternative prognostic factor to supplement the limitations of the conventional N staging system [18] [19] [20] , particularly when a limited number of lymph nodes is obtained. In the present study, we aimed to evaluate whether LNR is a better to predict Fig. 2 The 1 year overall survival in gastric cancer was significantly better in the lymph node ratio (LNR) ≤ 0.37 group than it was in the LNR > 0.37 group Fig. 3 The 1 year diseasefree survival in gastric cancer was significantly better in the lymph node ratio (LNR) ≤ 0.37 group than it was in the LNR > 0.37 group the survival in comparison with known prognostic factors in gastric carcinoma. In addition, we tried to determine a cutoff point to get a meaningful separation of survival.
Previous studies gave more than one cutoff points and divided patients into many groups according to LNR intervals to determine the survival of the patients. Therefore, methods used in pervious studies were not simple and not reproducible. For example, in one study for defining the Tumor-node-ratiometastases (TRM) staging system, two recognized methods were used to determine the best cut-off points for LNR. One was the commonly used cut-off approach using the log-rank test, the other was X-tile [21] . In an other study, the LNR cutoff points were based on the most commonly used cut-off points for the LNR found in the literature [22] . However, these previous studies, proved that MLR (metastatic lymph node ratio) was a better prognostic factor than the conventional pN staging system, no consensus has been made on the optimal categorization of MLR, for each study was carried out by different standards. In addition, in these studies patients were divided into many groups and even up to ten cutoff points in one study with different many intervals determined which made the results unclear and not reproducible. However, in this study we simply determined one single cut-off value as this value may be more practical and reproducible than using intervals with multiple cut-off values. Through survival analysis, we showed that the cut-off value which we determined as 37 % is a prognostic factor for GC. However, multivariate analysis showed that it was dependent on pN stage. It was also clear in this study that the high LNR was associated with high pN stage. In this study we confirmed the well known fact that the most important prognostic factors of GC are depth of invasion and lymph node metastasis (nodal status) [4] . However, in contrast to our previous study on rectal cancer [15] , this study could not determine a single cut-off value of LNR as an independent prognostic factor for GC.
However, based on these retrospective results, more comprehensively planned, prospective, randomized controlled studies need to be conducted.
In conclusion, the LNR is a prognostic factor in GC. However, no single cut-off value was determined as an independent prognostic factor.
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